Introduction
Several studies have shown decreased bone mineral content or density in patients with primary hyperparathyroidism. 1 2 The reduction varied between skeletal regions, 1 generally tending towards a higher degree of cortical than trabecular bone loss. After surgical cure of primary hyperparathyroidism, the bone mineral density increases over the first few years in both the forearm [3] [4] [5] and the lumbar spine. 5 6 Although a deficit in bone mineral density in the forearm seems to remain, 3 spinal bone mineral density is usually restored. 6 7 Long term studies have found a permanent decrease in bone mineral density of the forearm in patients who had 7 8 and had not 9 had surgery. A follow up study comparing patients who had had surgery with patients who had not had surgery, showed no difference in forearm bone mineral content after 17 years despite an initial increase in forearm bone mineral content after surgery. 3 Both groups had lower forearm bone mineral content than control subjects. 3 Decreased bone mineral density increases the risk of fracture. Several studies have reported an increased prevalence of fractures in patients at the time of diagnosis of primary hyperparathyroidism. [10] [11] [12] [13] The sites at which risk of fracture is increased are the forearm, 12 13 the spine, 12 14 and the femoral neck. 12 Melton et al reported an increase in fracture risk before, but not after, diagnosis of primary hyperparathyroidism. 11 In contrast, a large cohort study found no increased risk of hip fractures. 15 Wilson et al also found no increased risk of vertebral fractures in patients with mild asymptomatic primary hyperparathyroidism. 2 However, most studies have reported on a limited number of patients 10 11 or have not evaluated the incidence of fracture before and after treatment. 10 12 13 15 16 We conducted a large cohort study in 674 patients who had had surgery for primary hyperparathyroidism at three Danish centres and included 2021 controls to assess the risk of fracture before and after surgery at multiple skeletal sites.
biochemical tests (raised serum concentrations of parathyroid hormone and calcium) at the regional laboratory and confirmed by histological examination of removed tissue at the regional institute of pathology in collaboration with the surgeon. Data on weight of removed tissue and histological diagnosis were retrieved from the medical files. As serum calcium concentration was measured by different methods at the three centres, serum calcium concentration was expressed as ionised serum calcium measured on the day before surgery. We used the formula ionised serum calcium (mmol/l) = 0.25 + 0.45× serum total calcium (mmol/l). For each of the 674 patients up to three matched control subjects were drawn from population lists of subjects who had been residing in Denmark during the period 1 January 1978 to 31 December 1997. Controls were identified by standard database made by the computer department of the Ministry of the Interior. The control subjects were matched for age (same birth year), sex, and status (living in Denmark, died, or emigrated by 31 December 1997). One case (dead) could be matched with only two control subjects, leaving 2021 control subjects for comparison with the 674 cases. In the controls, the observation period was divided into "before" and "after" surgery according to the date of surgery of the matched case. The matching was maintained in all comparisons of cases and controls-that is, when analysing the time interval more than five years before surgery in cases, the corresponding time in the controls was used, and the number of fractures within that period was counted in both cases and controls.
We obtained from the national patient registry under the National Board of Health 17 all inpatient or outpatient discharge diagnoses concerning the 674 patients and the 2021 controls between 1 January 1978 and 31 December 1997. We compared the frequency of discharge diagnoses of fracture among cases and controls. The national patient registry covers all discharges from Danish hospitals and thus allows almost complete detection of all fractures with a high validity. 17 The study had a power of 90% for detecting a 30% increase in overall risk of fracture before surgery and a 99% power for detecting a 40% increase in overall risk of fracture before surgery. After surgery the corresponding power figures were 59% for a 30% increase and 81% for a 40% increase.
Mean, standard deviation, median, and range were used as descriptive statistics. Comparisons of incidence were made by relative rates (rate ratios) and Mantel-Haenszel type statistics. We calculated the 95% confidence intervals of the relative rates using the method of Miettinen: relative rate (1±1.96/√` 2 ). If the observed number of fractures was FP in the patients and FC in the controls and the person years at risk TP in the patients and TC in the controls, then E = TP×(FP + FC)/(TP + TC) and V = (FP + FC)×TP× TC/(TP + TC) 2 . Table 1 gives details of cases and controls. The male cases were younger and had larger adenomas and a higher frequency of previous kidney stones than the female cases. Among the cases, 97% (653/674) had surgery less than one year after the first diagnosis of primary hyperparathyroidism was registered. Table 2 shows the risk of fracture before and after surgery. The cases had an increased risk of fractures of the spine, forearms, and lower legs before, but not after, surgery. In both the spine, the forearms, and the lower legs, the increased risk of fracture was present more than one year before surgery. No increased risk of fracture was found at any other site, including the femoral neck. After surgery, cases had no increase in risk of fracture compared with controls. There was a significant reduction after surgery in the relative rate of all fractures together and of forearm fractures. Table 3 shows that before surgery, only age was related to fracture risk; no association was found with weight of the diseased parathyroid tissue that was removed. Preoperative serum calcium concentration was not associated with the risk of fracture before surgery (P = 0.99).
Results
The figure shows a time resolved curve of total risk of fracture stratified by time before surgery. Before surgery, the crude fracture rate was 15/1000 person years (95% confidence interval 12 to 17) in cases and 8/1000 Relative rates and 95% confidence intervals for risk of fracture in cases compared with matched controls stratified by time before and after surgery. Note the log scale on the ordinate person years (7 to 9) in controls. After surgery, the crude fracture rate was 33/1000 in cases (27 to 39) and 34/1000 (30 to 37) in controls. The risk of fracture was not increased more than 10 years before surgery. In the 6-9 years before surgery, the relative risk of fracture increased greatly, peaking at 5-6 years before surgery. The increase in risk was smaller but still significant in the last five years before surgery. The relative rate of fracture in the patients in the 5-9 years before surgery was significantly higher than in the five years before surgery (P = 0.001 by Poisson regression). Within the first year after surgery there was still a significant increase in fracture rate, but the increase disappeared after this period (relative rate 2.0 for < 1 year v 0.8 for 1-9 years after surgery, P = 0.003). However, more than 10 years after surgery, the risk of fracture increased again (1.7 for fractures > 10 years after surgery v 0.8 for 1-9 years after surgery, P = 0.002). This increase was mainly due to an increased number of fractures of the distal forearm (relative rate 2.9, 95% confidence interval 1.3 to 6.7).
After surgery, only age, female sex, and at least one fracture before surgery were associated with increased risk of fracture (table 3) . Serum calcium concentrations before and after surgery were not related to risk of surgery.
The contact frequency due to a diagnosis of osteoporosis (international classification of disease (ICD-8): 723.09, ICD-10: M80.0-M80.9 + M81.0-M81.9) was also higher in patients than in controls before surgery (relative rate 3.7, 95% confidence interval 2.2 to 6.5) but not after (1.4, 0.7 to 2.7). The increase in risk of osteoporosis before surgery was present only in the year before surgery.
Discussion
Increase in overall fracture risk We found an increased risk of fractures of the forearms, the vertebrae, and the lower legs in a series of 674 unselected patients with primary hyperparathyroidism before surgery. It is unlikely that the presence of fractures influenced the decision to operate as virtually all patients at these centres have surgery after diagnosis of primary hyperparathyroidism. Only the few patients who are medically unfit do not have surgery-for example, those with severe cardiac disease.
We found no increase in risk of fracture more than 10 years before surgery, but the risk increased in the 5-10 years before surgery. A smaller increase in risk of fracture was also present in the five years before surgery. The increase in crude risk of fracture in both cases and controls after surgery was due to the increase in age of the cohort and thus in general risk of fracture.
Abnormal parathyroid tissues may have started growing up to 10 years before surgery. The enhanced effect of parathyroid hormone on the skeleton will increase bone turnover, leading to a loss of bone mineral 18 that presents as the initial increase in fracture risk. However, this initial resorption of bone will be followed by formation of new bone, and a new steady state between resorption and formation will be reached, although at a reduced bone mineral density.
18 This steady state presents as the period with a stable, but less pronounced, increase in risk of fracture. The increase in risk of fracture disappeared less than a year after surgery, suggesting a quick restoration of bone biomechanical competence. This finding agrees with studies showing restoration of bone turnover 18 and a gain in bone mineral after surgery. 8 The finding that age, female sex, and previous fractures were related to risk of fracture agrees with findings in the general population.
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Selection bias
Our results could have been affected by selection bias. The increased frequency of fractures before, but not after, surgery may be caused by primary hyperparathyroidism but could also reflect the fact that patients had primary hyperparathyroidism diagnosed while being examined and treated for a fracture. This factor would, however, account for only some of the increase because almost all patients had surgery within a year after diagnosis. The increase in fractures was present up to 10 years before surgery-that is, before primary hyperparathyroidism was diagnosed or even suspected.
Another potential bias arises because many spine fractures are symptomless and discovered on spine radiography. 20 An increased awareness in patients with primary hyperparathyroidism of the possibility of skeletal disease may have led to a higher rate of diagnosis of otherwise symptomless spine fractures by radiography; this is comparable with the increased frequency of diagnosis of osteoporosis in the year before surgery. In a recent study of 407 patients with primary hyperparathyroidism with a mean follow up of 14 years, Khosla et al found an increased frequency of fractures (especially of the vertebrae, distal forearm, ribs, and pelvis) after the diagnosis was established, but only 23% of the patients in their study ultimately had surgery. 16 The increased fracture risk in that study may reflect the increased risk of vertebral and forearm fractures seen before surgery in our study. These findings support suggestions that surgery prevents fractures even in mildly hypercalcaemic patients.
Fracture type
The absence of an increase in fractures of the distal forearm before surgery contrasts with the findings of two other studies. 12 13 However, we found an increase in fractures of the shaft and proximal parts of the forearms. Our finding that fractures of the femoral neck were not increased agrees with the results of Larsson et al 15 but not with those of Peacock et al, 12 who reported an increased prevalence of femoral neck fractures at the time of surgery. Khosla et al found a nonsignificant trend towards an increased frequency of proximal femoral fractures. 16 In agreement with Melton et al we found an increase in risk of fracture before, but not after, surgery.
11 However, our study group was considerably larger than those of Melton et al (n = 90) and Larsson et al (n = 39) 13 and dealt with all fracture types.
We found an increased risk of fracture of the distal forearm more than 10 years after surgery. This finding is compatible with studies that show a lasting deficit in forearm bone mineral density 3 7 8 and suggests that patients should have their bone mineral density measured after surgery to determine what preventive measures are needed.
The increase in the rate of spinal fractures before surgery reported by Peacock et al was higher than in our study (relative rate 6.9 v 3.5).
12 Unfortunately, they did not report on adenoma weight or other descriptive factors, precluding a comparison with our data. Because we examined the risk of fractures at many sites, one or more of the results could be significant due to chance. However, our results were consistent with the findings of previous studies on changes in bone mineral density. As the increase in risk of fracture was only modest in the last few years before surgery, it would take a large study sample to show a significantly increased risk of fractures. This may explain why a study of 174 patients did not find an increased risk of spinal fractures. Mortality in joggers: population based study of 4658 men
Peter Schnohr, Jan Parner, Peter Lange
Since 1970 jogging has become an increasingly popular form of exercise, but the public's concern over its harmful effects has been raised following reports of deaths during jogging. During the past two or three decades the number of joggers and jogging races has increased further, prompting an interest in mortality of joggers.
Participants, methods, and results
The Copenhagen city heart study is a prospective population study of cardiovascular disease in 19 698 men and women aged 20 years and over randomly selected from the population of Copenhagen. 1 Overall, 4658 men (response rate 72%) aged 20-79 years with no prior myocardial infarction attended two examinations-one in 1976-8 and the other in 1981-3. Jogging status was ascertained by asking the participants whether they were joggers. The cohort was followed until 30 November 1998. Information about deaths was obtained from the Danish national population register, which is almost 100% complete.
We observed a major trend in jogging habits over the five year period between the first and second examination. At the first examination, 217 (4.7%) men reported active jogging. Of these, 96 (2.1%) were still actively jogging five years later. Between the two examinations, 106 (2.3%) started jogging, showing an almost constant number of joggers. Overall, 4335 men were non-joggers at both examinations. Crude estimates of death rates showed a higher mortality among non-joggers and a lower mortality among persistent joggers.
An analysis of the influence of jogging on time to death was conducted by using a Cox proportional hazards regression model, with age as the time axis.
2 In addition to jogging, the model included diabetes, smoking, household income, education, and alcohol consumption as potential confounding variables, and systolic blood pressure, concentrations of plasma total cholesterol and plasma high density lipoprotein cholesterol, and body mass index as intermediate variables. A significant effect of jogging was found only for the group that were joggers at both examinations, with an estimated relative risk of 0.37 (95% confidence interval, 0.19 to 0.71; P = 0.003). Jogging was therefore included as a binary variable in the final model: persistent jogging or no jogging or jogging at only one of the two examinations. The relative risk of death in persistent joggers was significantly lower than that in non-joggers or those who jogged at only one of the two examinations (0.39, 0.19 to 0.73; P = 0.005) (table). Similar results were found when including only potential confounding variables.
Comment
Regular jogging is not associated with increased mortality in men, as shown by the significantly lower mortality in joggers than non-joggers in our study. The lower mortality of joggers could be an effect of the physical training, but it could also be due to other lifeJogging and relative risk of death* 
